It is of great significance to establish a scientific and reasonable water resources carrying capacity evaluation system and evaluation method on the basis of studying the interdependence and mutual relations of water resources, society, economy and the ecological environment. This can guide water resources utilization and economic and social development planning, and promote the sustainable development of water resources and the socio-economic system. Projection pursuit technology can achieve automatic index selection and index weight confirmation. When used to assess water resources carrying capacity, the subjectivity and uncertainty of index weights can be avoided.
INTRODUCTION
Water resources are not only basic natural resources that support the development of the social economy, but are also strategic economic resources that lead to the achievement of sustainable development of the ecological environment. Because of the rapid expansion of the urban population and the rapid development of the economy and society, and the naturally irregular distribution of water resources and irrational patterns of human use, the development and utilization of water resources has been close to or has even exceeded the carrying capacity of local water resources in many areas. This leads to water shortages and increasingly serious water pollution problems that directly impact human health and the sustainable development of the social economy. It is of important theoretical and practical significance to establish a scientific and rational evaluation system as well as evaluation methods for the carrying capacity of water resources based on studying the interdependence and the interactive relationship of water resources, society, economy and the ecological environment (Castelletti & Soncini-Sessa ; Nguyen et al. ; Simonovic & Verma ) . This system could guide water resource use and economic and social development planning and promote the sustainable development of water resources and socio-economic systems.
Research on evaluation methods for the carrying capacity of water resources has developed from a static analysis of a single indicator to a multi-objective, dynamic comprehensive analysis. At present, the principal evaluation methods include the general trend method, the comprehensive evaluation method, the system dynamics method, the multi-objective analysis method and the principal component analysis method. The general trend method is simple and direct, but it ignores the interrelation among indexes. This method cannot comprehensively evaluate the water resources carrying capacity according to each index, nor can it reflect the water resources carrying capacity of a region (Duan et al. ) . The index selection and index weights in comprehensive evaluation method are determined by experts' subjective experience, consequently providing potentially unstable and unreliable evaluation results (Du et al. ) . The system dynamics method is rapid, but it has many shortcomings, such as the variables (total population, industrial output, road area and so on), complex structure and a requirement for majority data, which limits the application and development of the method (Sun et al. ) . The difficulty with and the key feature of the multi-objective analysis method are the establishment of the objective function and the selection of the dimension reduction algorithm. As for the principal component analysis method, the method for determining the principal components is controversial and the physical meaning is also unclear. Suitable control points are difficult to choose in practice, which leads to a lack of control of the carrying capacity of the water resources (Zhang ).
In short, research on the comprehensive evaluation of the carrying capacity of water resources involves many factors, and the relationships among the factors are very complex.
Such research is multi-factorial, non-normal and nonlinear and is related to the high-dimensional data analysis and processing required. Projection pursuit technology is a statistical method that deals with complex, multi-factorial problems that can overcome the subjectivity and uncertainty of the evaluation index selection and weight determination inherent in traditional evaluation methods to a certain extent. This type of method can yield stable and reliable results.
Projection pursuit is a new statistical method used for managing and analyzing high-dimensional data, especially non-normal and nonlinear data. It is interdisciplinary, encompassing statistics, applied mathematics and computer technology. It is not only an exploratory analysis method but also can be used for deterministic analysis. Its basic premise is to project high-dimensional data to a lower-dimensional (1 ∼ 3 dimension) subspace to find the optimal projection vector that can highlight the original high-dimensional data feature to the greatest degree. Projection pursuit is a typical exploratory data analysis method driven by the sample data (Li ), using a new way of thinking, i.e., 'directly inspecting data -analyzing and simulating datasoftware program testing'. This type of methodology emphasizes its completely different characteristics, compared with traditional evaluation methods. It has become the most stable and practical method for solving high-dimensional, non-normal and nonlinear problems.
METHODS
The steps of the projection pursuit technique include data preprocessing, construction of a projection index function and optimization of the function of the projection indexes and evaluation of the grade (Li et al. ) .
Data preprocessing
Because of the difference in the transference range of each index dimension and the index value, some indexes could be amplified or narrowed. This can affect the accuracy and reliability of the evaluation results. Therefore, to eliminate dimensional effects, the original data must be preprocessed before establishing the evaluation model. For a positive index:
For a negative index:
The variable x Ã ij is the jth index value of the ith sample, x ij max and x ij min are the maximum and minimum values of the jth index value, and x ij is the index value after range normalization, and {x ij ji ¼ 1, 2, Á Á Á , n; j ¼ 1, 2, Á Á Á , p} is the sample set after range normalization.
The structure of the projection index function
The projection index function is the basis for finding the best projection direction, the projection rule and classification criterion, which is followed by projection-clustering the highdimensional data to the low-dimensional space. 'Projection' is defined as the observation of the sample data from different angles, to discern the best viewing angle that can reflect the data features and fully reflect data information; that is the best projection direction. Linear projection is used to project the high-dimensional data into linear space. {x ij ji ¼ 1, 2, Á Á Á , n; j ¼ 1, 2, Á Á Á , p} is the sample set for range normalization,ã ¼ (a 1 , a 2 , Á Á Á , a m ) is the projection vector for the m-dimensional unit. The projection pursuit method is to transform the p-dimensional data {x ij ji ¼ 1, 2, Á Á Á , n; j ¼ 1, 2, Á Á Á , p} into a one-dimensional projection value z i based on theã projection direction, so the projection characteristic value z i of x ij can be expressed as:
andz ij ¼ã j x ij is defined as the projection component value of the sample i index j, andã is the unit length vector in the formula.
Then, according to a one-dimensional scatter diagram for classification, and using standard deviation and local density to construct the projection index function, the projection index function can be expressed as:
where S z is the standard deviation of the projection value z(i), and D z is the local density of the projection value z(i), i.e.:
where E(z) is the mean value of the sequence {z i ji ¼ 1, 2, Á Á Á , n}, and R is the window radius of local density, i.e., the density of the window width.
The selection of R should not only make the average number of projection points contained in the window too few to keep the sliding average deviation from becoming too large but also prevent R from increasing too rapidly with the increase in n. R can be determined empirically.
Its span is r max þ (p=2) R 2p, where r ij is the distance between the samples, r ij ¼ jz i À z j j; u(t) is a unit speed function with a value of 1 when t ! 0, and a value of 0 when
The optimization of the projection index function
When the sample set of each index value is given, the projection index function Q(a) changes with the change of the projection directionã. Different projection directions can reflect different data structural features. The optimal projection direction is the projection direction that can represent a certain structural feature of the high-dimensional data. So, the optimal projection direction must be estimated by solving the maximization problem of the projection index function, i.e.:
s:t:
The projection component value of the optimal projection direction is:
This is a complicated nonlinear optimization problem with {ã j jj ¼ 1, 2, Á Á Á , p} as the optimization variable, which is difficult to address using the traditional optimization method. We used the accelerated genetic algorithm (RAGA), which is the simulated biological survival of the fittest and intra-group information exchange mechanism based on a genetic algorithm to solve the high-dimensional global optimization problem.
Grade evaluation
Substituting the optimal projection directionã Ã derived by RAGA into formula (3), we can obtain the projection value z Ã i of each grade sample point of the evaluation grade standard. According to the values of each grade of sample points and the corresponding projection value z Ã i , the projection pursuit evaluation model is established:
Then, the evaluating sample is range-normalized, the evaluating projection value calculated, and the projection value z(i) is substituted into the projection pursuit evaluation model y Ã ¼ f(z), finally yielding the grade of the evaluation samples.
Case study The evaluation research work also has significance as a reference for other, similar cities.
Establishment of an evaluation index system
Along with the carrying capacity of the water resources and related theoretical research results, 24 evaluation indexes were selected from the water resources, social, economic and ecological systems. Three important system parameters, the per capita water resources, water consumption per GDP (gross domestic product) 10,000 RMB and the standard river length ratio, were also chosen as comprehensive coordination indexes, which constitute the comprehensive evaluation indexes of the water resources carrying capacity (see Table 1 The index system and evaluation criteria for the water resources carrying capacity evaluation are shown in Table 1 .
Construction and optimization of the projection index function
The projection index function was constructed using the R2013b MATLAB software, and the optimization was Table 2 ). The 
Deciding the evaluation grade
Substituting the optimal projection direction vectorã into Equation (3) The 'advantage index' and the 'short board index'
The projection component value of the sample index in the optimal projection direction could be obtained by using Equation (9), as shown in Table 3 . Because the projection component value of each index in the optimal projection direction represents the contribution to the water resources carrying capacity of the region, and a greater component value indicates a greater contribution, sorting each index according to the contribution of the water resources carrying capacity from the largest to the smallest clearly reveals the degree of the impact of each index in different regions. The index that showed the largest contribution to the water resources carrying capacity was defined as the 'advantage index', whose weight was larger and level was higher. It defined the factor that it was most necessary to emphasize or control.
The index that had a larger weight but a smaller contribution was defined as a 'short board index', and it represented an obstacle that hindered the improvement of the water resources carrying capacity in the region and that must be regulated.
Changes in the values of indexes with small weights made little difference to the water resources carrying capacity and
were not the focus of our research. The 'advantage index'
and 'short-board index', which affected the water resources carrying capacity of the municipalities directly under the central government (as shown in Table 4 ), were selected. 
